Electric arc furnace (EAF) slag is a byproduct materials its chemical composition more closely to the cement clinker and composed mainly from different types of calcium silicate minerals. EAF slag utilization is limited due to the presence of polluting heavy metals (Cr, Ba, V, etc.) that can be dangerous to the human health and the environment. This research studies the chemical, mineralogical, and the environmental impacts of some Egyptian EAF slag with different cooling rates.
INTRODUCTION
Management of the natural resources and wastes are the most important goals which generate opportunities while decreasing the environmental disturbance. Preventing the depletion of natural resources and enhancing the EAF slag used in this study is a by-product generated after the melting and the primary acid refining of liquid steel. Its chemical composition is based on its content of calcium, iron and silicon oxides in a global amount of over 80% aluminum, magnesium, manganese and phosphorus oxides. EAF slag has a chemical composition close to that of the cement clinker compared to the ground granulated blast furnace slag (GGBFS) (Amin et al., 2015) .
One of the most significant environmental impacts when handling the iron and steel slags is leaching of soluble components from the slag matrix, when these materials are in direct contact with soil or exposed to rainwater. Therefore, the knowledge about the chemical composition of leachates and their behavior is environmentally relevant (Miller and Donahue, 1998) . Radwan (2015) studied the metal leaching of the Egyptian EAF slag by a tank leaching test using distilled water and weak acid water in order to represent materials coming into contact with both fresh water and/or acid rains. The study showed that some metals like Cd, Pb, Cu, Ni and Mn were not detected either in the case of distilled water or using weak acidic water.
On the other hand another group of metals has a low or moderate detection like Zn, Cr and Fe. Some metals like V , Ca , Mg , Al , and Si have a high detection frequency and hence the leaching test result showed that except Cr , V , Al metals and also the pH value of the EAF slag the levels of metals in EAF slag were lower than the limits of Egyptian law No. 48/1982 (Radwan (2015 .
The type of the iron and steel slag cooling must be taken into consideration where rapid cooling of slag by water can result in an amorphous slag, encapsulating metals and oxides, and thereby lowering the solubility of the heavy metals compared to rock material used in road making (Tossavainen and Forssberg, 2000) . The Water quenching of steel slag results in products with a high content of glassy material. If the cooling is rapid, the slag passes from a liquid state to a solid without development of a crystalline structure. Also the study concluded that by controlling cooling conditions, the mineral transformation and consequently the solubility of elements like chromium, vanadium and other heavy metals were occurring (Tossavainen et al., 2007) .
MATERIAL AND METHOD

Materials Processing:
Three samples of EAF slag were obtained from different steel making plants in Egypt S1, S2 and S3 (air cooled EAF slags).
The water cooled slag (S4 and S5) were prepared by remelting and quenching of S1 and S2 in a water tank. Where the re-melting of the EAF was carried out in a magnesium oxide crucible system, the time for melting the slag was approximately eight hours after the electrical furnace temperature raise to 1600°C. In this study as shown in [ Fig. 1] , where a Carbolite electrical furnace model RHF 17/25 with maximum operating temperature 1700°C was used. The liquid slag was poured into a water tank containing water with a continuous water flow in and out to discard the hot water from the tank bottom. The generated slag granules were collected at the bottom of the water tank at the end of this process. The duration of the water cooling process and granulation was approximately a few seconds duration.
Chemical composition:
The overall chemical composition of the studied slags was analyzed by X-ray fluorescence (XRF) for major and trace elements using a Philips XRF instrument (Model PW 2404).
Fig. 1:
The re-melting process using magnesium oxide crucible and Carbolite furnace.
The mineralogical composition:
The crystalline phases were identified by X-ray powder diffraction (XRD), which carried out on a PANanalytical XRay diffraction equipment model X‫׳‬Pert PRO with secondary monochromator, Cu-radiation.
The scanning electron microscopy
SEM was carried out For S1 sample (air cooled EAF slag) and S4 sample (water cooled EAF slag) using SEM Model Quanta 250 FEG (Field Emission Gun) attached with EDX Unit (Energy Dispersive X-ray Analyses) with accelerating voltage 30 K.V., magnification 14x up to 1000000 and resolutions for Gun.1n (FEI Company, Netherlands).
Alkalinity test (pH):
10 g is taken and diluted in 75 ml distilled water by stirring. The pH value of the solution is noted with a pH meter after 1 hour, 2 hours and 24 hours and the average pH was calculated.
Leaching Test:
The method DIN 38414-S4 (Deutsche Norm, 1984) was the compliance test method used to evaluate the performance of the slags. In this test, 100 g of the dry mass of the residue (with a particle size < 10 mm) is mixed in 1000 ml of distilled water (pH=6.92), and submitted to an upside down agitation, in a rotary agitator, during 24 h at room temperature. The solid and liquid phases are separated by a filter of 0.45 µm of pore size, and the liquid phase is then analyzed. The elemental analysis of leachates, in duplicate, was analyzed by ICP in a 720 ICP-OES, Agilent Technologies. The leachates of the five EAF slags S1, S2, S3, S4 and S5 were analyzed in order to monitor relevant parameters such as heavy metals (Al, Fe, V, and Cr, As, Pb, Cd, Cu, Hg, Ni and Zn).
Volume stability:
In order to evaluate the expansive nature of slag the volume stability was carried out by performing Boiling test where for each EAF slag sample a twenty pieces with an average diameter (50-150 mm) and placed in a boiling water bath for 8 hours. After this time the loss in mass of the slag pieces was determined. By performing the Boiling test free CaO and/or MgO will react with water as a liquid, thus an expansion test has been carried out to reflect the slag volume stability (Radwan, 2015) .
RESULTS AND DISCUSSION
The chemical composition of the five EAF slag samples presented in [ From the results of IB2, M b and pH that presented in [ Table 3 ] it was clear that the EAF slag is an Alkaline by product with pH ranging from 11.1 to 11.8, and the samples S4 and S5 (water cooled EAF slag) have a Basicity indexes (IB2 and M b ) higher than those S1, S2 and S3 (air cooled EAF slag).
The results in the increased of the basicity index result in a more hydraulic slag (Amin et al., 2014) . Fig. 2] , the clear broadening of the peak width were a result of the rapid water cooling of the EAF slag, suggested that the clear broadening of the peak width may be caused due to a decreased in the crystallite size (Suryanarayana and Grant, 1998) .
The volume stability in [ Table 5 ] was carried out using boiling test for all the five Egyptian EAF slag samples. The results range from 0 to 0.03 %,
proving that the percent of the free CaO and/or free MgO is very low or approximately not founded that confirmed by XRD pattern [Fig. 2], where there was no presence of CaO and/or MgO peaks. Hence the Egyptian EAF slag under the study have a volume stability. Table   3 ]. The obtained results of leaching tests are presented in [Table 6 ] was completely different. Gomes and Pinto (2006) reported the information that, except for Cr, the leaching of other elements is not relevant in terms of environmental impact.
In the present study the leaching test results [Table 6 ] showing that, except Cr, V and pH of leachate, the leaching of other heavy metals are found to be very low. Vanadium metal has a high detective frequency. It is detected in the five EAF slag samples ranging from 0.007 to 0.03 ppm. The air cooled slag S1 release the greatest quantity of Cr (627 ppb), and when comparing these results with [ Table 7 ] it was clear that the leachate Cr concentration was well above the limit of the Egyptian law No. 48/1982 and also the limit prepared by Italian regulation for the recovery of steel slags. The leaching of Cr is significantly smaller for water cooled EAF slag S4 (11 ppb) and practically zero (< 5 ppb) for S5. The higher Cr leaching of S1 (627 ppb) could be explained due to its greater Cr content (11687.6 ppm). However the same hypothesis has no signification for S4, which represent a high content of Cr (10474.7 ppm) and the lowest Cr release (< 5ppb). It seems to be clear that the cooling rate affects significantly the leaching of Cr, modifying the phases in the slags and their solubility, without a significant relation of the original slag Cr content.
pH values using distilled water (pH=6.9) of leachate from the studied samples ranged from 11 to 11.7 Although the results of pH values are shown to be well above the limits of the Egyptian law no. 48/1982, and it was clear that the pH level is very near to be corrosive to aluminum or the galvanized steel pipes with direct contact to the slag. And so the uncontrolled dumping of the air cooled and/or the water cooled of the Egyptian EAF slag without a previous treatment can have negative effects on the environment in the long term due to its high leachate pH. 
